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Abstract of JP1 0233505 
PROBLEM TO BE SOLVED: To provide a 
semiconductor device of MOS characteristics with 
high stability which Is so low resistant as the gate 
electrode of single metal with no such problem of 
polycrystal silicon gate electrode as characteristics 
degradation due to such Impurity inclusion as 
phosphorous. SOLUTION: The method for 
manufacturing a semiconductor device comprises a 
process where a gate oxide film 3 is formed on the 
surface of semiconductor substrate, a process 
where a gate electrode 4 Is formed on the surface of 
gate oxide film 3 using nitride of such metal as 
tungsten, molybdenum, chromium, tantalum, 
niobium, and vanadium or composite material of 
any of these metals and metal nitrides, and a 
process for themial treatment thereafter. 
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it^j»f4:Sg©S5t:^7&(::ov^T. H 9 75^0 1 3 («jt 

[0 0 5 8] S-f. ^I^ffev-y ^-i^^^fc^Sp 

[0 0 5 9] mt^vmi^mimuKDm^'Mm 
^(D^m\^n^(Dm^m\tm^m\^xy')^ymim-h^ 

6> * 5 7 ^ -/ix Kteltlil 2 Jf^|?!c-t 5 0 

[0 0 6 0] m^. miY^mm^mh. wmvm.^m\^^ 

Sl©*T-ffMf!H«©*ffit-l¥$ 1 0 [nm] ©i^ya 

ymimt^^fi:^ V y^- y y^'m(o¥- vm.im-i^m 
[0 0 6 1] m^. m 2 [c/i^-f- i 5 ic. ttitEy- b^fb 

lll3©j|ffi±*^£fpM*j»^S«l±©^fflt::. If:^ 



5 0 [nm] ©^y^'';^xy^'fbSl2 1 A, 1?$ 3 0 

[nm] (Diy^j=iymitmi^htj:^mw\mim2 2. m 

$100 [nm] (D^yi'':^^>-mim2 SA^MTkm 

fm.\m 2 2 f± c V D sfe^-ffM 

[0 0 6 2] 7i:(^, im.^n\^fz.%yirV')v^'yy^ 
S«i SF, fi}in-)^:^^m\-^fz. Yy4^y=f-yfm% 

*fflV^T. wM9yf7^7-ymm2-6K. l«fb)ll 

= >'^''SriiL. ^'^^'Xx>afbSi2 3 A*^fe/j:5ftiiJ«l 
<f-h«^l2 3. ^>y'7^y-vmYM2 XKii^htlhW 

[0 0 6 3] BuiaSiJtfl-^^'- has 2 3 ^:^#Jet)2g 

ff^)*^«©^B^(-nM7F|ie#ii: LTfMx.if 5 X i o" 
[atoms/cm'] ©fi(P) ^:i^Ji'^/V'df-»3 0 [Kev] 

[0 0 6 4] m-z-. nil t^-f- J; 5 mltfiftiij#py- 
bmffi2 3±^^l>pM¥3»#:S«l±©^B(c. 11$ 
100 [nm] ©v-y n^-^fbif 2 5 AS:CVD?iT:-ff^ 

[0 0 6 5] m^. isrHm^ass^i^fflL, 900 

[°C] ©^^H^tfJ-rrSi^i^^Pfflrofv^SI^JI-t-o ^© 
XfS^^*5V^T. ■?fiSy~-MHg2 \ ^(omMiimW:^- 
MHS2 irojslHttirmL, J: . n 

I 2 (ciTj^-TJ; 5 Vnm2\h^- b^ftil 
3 i ©rpCir^ktil 8 ^sBfiic^ tt. # ig-i^"- bmffi 2 1 

I I fm.{m 2 2 1 ® PbT 8 mm ^ %m 
¥~ vmm2i ©ffljuffi i 2 5 A t opg 

^~Ywm2 s^(D-s.mmm^-vwm2 soiiiHit 

mfmim 22 1 (omk^mmm s mmf 
- b 2 3 ©f»j!iffi25.tj«±ffi t mif&mm 2 5 a t © 

P«g^rmb^ltlll8AS?fM^t^fc„ rtLfe©^*©t£ 

m-i.^. wm¥~ vmm 2 1 . %m¥- hits 2 3 © 
Ktc^tJofco apt. #5l-^-h«;ii2 1. isji^y-b 

IHS2 3©:^^*^'>-:^":^x>^S'fbSi-T:-ffM-r5r it- 

J: 19 . r & ©«<f t ifeitK i: © PtS Kmmm s ^ i b 
[0 0 6 6] stfiEv-y 3:/mfbll2 5 A(cm:^tt 

2 1 . UPpB^-fb^ 2 2 . fliWy'- has 2 3 ©* 
-*©ffl)|gffi^«5f-'l' K'?;t-/V;^-<-f-2 5^Jf^^ig-r 

[0 0 6 7] lufaf-'T K!>;^--;v-:^--i-f-2 5S: 



tfitapS!ii}i«ft:StSl©*T-ffM««©Sffi$|5(Cn 
M?FMt)i L-rMx.(l'5 X 10" [atoms/cm'] ©itt* 
(As) 0 [Kev] ©^#Tl-*3V^ 

MJ^-efc 5-*J-© n §!J:f Mittl*imfl« 1 6 ^"f^m-t^o 
r©XSli*=V^T^#?§t4tEti«T-Q e 

[0 0 6 8] 014 li^i-i 9 |fltB{|iJf^<>^'- 

YnM2 3(D^^}ii^tspm^m\mWii}:.<D±m\z. 
mfmmm 1 0 ^ c vD?£-effM-t5„ 
[0 0 6 9] i^ci. mtmf^mmmi 0 tg«?Li 1 

A. 1 1 B^^?f^|5)ct. ^©m. lami 2^?f^fiScL. ^ 
©^, />5/v-<-v-a >'I]Il 3 0Ji5fet-5:ii(^J: >9. 

5„ 

[0 0 7 0] *^»^ffi©»it:fe■)fe^fflv^T^^i^$tifc 

^FjflSMatt^T- (MOSi!ip<*y*-7-) ©!i#tt^l¥<ffi 
i- 5 fc & . 7.^<y^ ?i-c*^iSffjffi© y 7^ y^fb 
BitlKlC)f:$©i5'>'y";^-r>'SiSr*tU. »mv-vn. 

v^e>tlrtfct©i: |iri«!r#gfi,v-y ytrfflV^fc*T- 

{C-i ^l^tS%Th^W\M'(i 1 X 1 o"/cm'© [atoms/c 

m'] ©P^fi-ibiA;^-, *fc{|}ffly'-M;1i©#^SH%~>y 

=L>\Z\-t5y. 10''' [atoms/cm'] ©*$ ^^^*>iA^fCo 

fc:^^©2aa©*^=-^f^«Lfc„ ^LTifis-i^-h* 

m{O-n-Ot^»)(Dm.^mmi'i0 [nm] (;i^£5J; 
5(Ci^SLfc„ l;fcO-N-OlPBm©/i^t3^3(C3 0 [n 

m] ©v-y ::3ys^jyiSrfflv^fc*^-t)fmLfc„ 
[0 0 7 1] l;-fs *^Jfem^J^*5lt5«^=-«it^5>tff 

-rsfcfei^. a©«:^ifi]©fi'S t)>^y^'7.Tymm 

«ffi^£if'©^N^'->'(::APXt:t^£V^-C\ ;4^o*^-f1sSi 

y >-s^s*3 J: igy- hnmh(Dwmm^(o v y^- 
fc??3g<>'-- bwffi t ftiij» ¥~ V nmm © PiS © y = 



m^H-voyv ='yt3xxfmm^s:ibxf'<mm7im<^'^^'ik 

S^XfiTtm-f-^^tCXP S : x-ray P.hotoelectron 
Sjpectroscopy)^g-eaiJ^Lfc„ XHSrffiW Lfc t 
P^Sfettl § 5 N ls3femT-*3 J; t>* S p Tfem?" W3i^^ 

mLx\^-'tcyv ='ymimm(^^mmm-^-i-i. 396. 

9 6 [ev] t 3 9 7. 8 5 [ev] ict°-:i' Srifo;^ 

fc„ |fi=g-©t-^(±S ijN/^-g-OtirilSlJ^JxS 3 9 
7. 0 [ev] [tt°-i>4-itoNls;^-<^' b/V-t-ifcb 
TV^So ##© 3 9 7. 8 5 [ev] 1 ^JifoN 
Ist-^'H. ^*;?)5 2fil©v-y r^^-i^^i: iftcoK^Jgr 
^- i L.-CV ^ $ f-^' i Isii-S: b 

'bl^?t/>L. #(^S i^N^^-t^^ira 9 7. 0 [e 

v] icjfiv^fc-^'i4fi,#t-)«'>-t"5r.t^st>^^o/t<. i^j; 

[0 0 7 2] ii[±©57^t)f*S*J;^). ^yi^'T^'rymtm 
irfi* $ ti. ifffiTrKSfbv' y =■ ymm^)^ ^ r i 

(4. ■I'tivja^tsii^Sl^tS-^Lfc^yy ^iy-fk-g-ti;*^" 

[0 0 7 3] r©#ffijfi{f©v-y =>>--fb-^!il(±s ^l^fiTe 

v-y =■y^»jl^^■-^«;1i^c:fflv^fc*T•^^*3v^Tv-y 3 

[0 0 7 4] ^iflSttfBii*^=-l^«T-aAL-Cttf6©» 

SI-.©«^-aA^ffofco aA««Srl5 [C/cm 
' ] S-tr^fkS-ftfctt. ^aA«#» t MO S Affile 

h mSW^t ^TSJ^ Lfco V ^-f tx©«it©*-7--t- 
a£A«#»;5S*^2 [C/cm'] 5 *-e{4aAfi(-ft 

l:ttgSfpL-t^^A*^-^ife#L/J;v^ri;4St>;?)^ofc„ r© 



S*T--C1±. *©^jb4(l 1 . 3 X 1 0 " [ e V • cm 

'] xh'o. t.f^^y^':^'ry^^~-YmM\m\'^tiWi 

-g-ttl. 6 X 1 o'^ [e V • cm' ] Tfeofco # 
J:6#K^Pf3i-©iiilP»(44. 1 X 1 0'' [e V • cm' ] 

^'-;^x^^s^t:li^fflv^fc*T•-e«#f£llv'y vy- h 

m^S*T-J; D $ &(::m^-aAm©iSffi*{4iiin»S:'>^£ 

<-t?t. ^?>'^'';^7"y^fflv^fc#•g■©|;~)l/l otfcfc 

5 1. 3 X 1 0" [e V • cm' ] 
[0 0 7 5] :^S?§ttfali*i^'-©tf^«^ii^)a5t- 

(1. tfisl!©7;^-7y- Hv^-f AiiaS^fijffl-rs^ifet 
jp;t. z.(Dk^'^'c^\-y^-^v^~vm\m^<Dt^vv 

7 [mm] -<?2 4 [mm] ©^-r ^--t^/HiI 

«)){t^5;t;'clC7i2,*#©m)I*f|5iJ»</- b^^Si^RlAP 

^{tiltt^t^s' f=¥-tyraA^tTo/co rixfc© 
X b vT.ms.^mm.Mminx^. #Btiir~t©7F#i§tt 

fSlt*T-©ffi2=i 1/^5'':? ^ >';^©«i^iJ:£Lfc„ 
-fkH^N^O #|^M^:■f!;^aL/^V^*?•-T:1^;l 0 0 0 0 

Ai:<. *t)16%^S^Lfc„ inbl-*fLT. N,0 # 
HMX:-©!ia^!aa«:*Dx.fc#|$fHV^y 3 vy- b«|g*?- 
-ett. ■^©^jfc45(±2%|::-r#Vj;;4^ofc„ -^f?, ^'y^'' 
;^x>'^{b)jl^fflv^fc7tc5§f3l3©«^-ri3;. 5%i 
§t>^it:'*;ii5/>$;5.ofc„ r©^gf:tt. m?S?i£A(-i'9 

mmm^-fi^M'cf^m-t. ms.=>y^'^^y:^(Dmtm 

mm^^^Ltzf'yi'':^Tymim^m'tcm^x-m 
t) «wa A(^ J; -s mmmamMmii^b ^ v ^ t v ^ 5 

[0 0 7 6] m^. '-im^'-hmtmmi^mw^wm 
L. r ©#ai;#©««;!i5??is^'- vmmt m'ii^^'- ^ 

t ©rtfl©«tll©)]l*cl^l^ J; S3iv ^^S^ Lfco 

©ijif*s i?:mMJim(D^y^-':^'ry^im^mm^- h 
v^-Tr#^gH%>'y ='y^- hmmxi<Dmm^o--N-om 
y^'^Ty-^^mv- vmmtm'm- ^«1s^fflv^fc 

[0 0 7 7] 7;^-- 9-/-K-'^'f i^maAt-iStt 
fg©*tiA^tff^*^»^)^U. r©ft>9iSU[Hli:## 
]A;9-*5 J; t;fi*©fc fe© L ^ V ^flt«JI©^'fk© 1^ 
ftfco ^'y^^'x^>'a{t;Bi*3J;tJ<#7iSirBi/y ^ly^ffl 



h y^-/v^f- vmitm^mt ufc^^-en 1X10 

fix\^f£^^W!^\±. 1X10* [H]/iv^U3 X 1 o' ig-e 
[0 0 7 8] mm^n^ \.fz.^mmm\^i. ^ s 

-e 5 ^ t ^5 ^ o fc„ 
[0 0 7 9] t-f\.h(omiMm-^\^^'y^':^'ry 

^-(kti ^ffl V ^ ;5 r. t i o r ^)*i§fi © s t 

[0 0 8 0] i^wmm^\-t. 'm&v-vnmhWMf 

t l.tz.m-^X'^,. %^<D^mMi'y3 =^y^- vnM<o-^ 

[0 0 8 1] I^^a!c>v^-fi^»^ffif^^i-*5v^-t 
v-y =.>'^^fiS«--©=i>'^^ bS^Si 

m^- vmmmt'y') ^ymm.immm^-r^'mx 
tt. fl^a^:lJ;'9#ffi^-^R^ i/y ^y^L-ta*©^ 

'y y i^'f FffMiae-Xr^t C S IliSil^stico i 5 /jjPpIM 

ti^x^fc, ztiit.fyi''y^'ryti}i(o^m^^'- hM 
mmtvxm^tziM'^. v-y ='yms.t\M.mmm-r:bm 
mx\ mmm'^M='y^^ hnwj:t'corsmi'i^\:'Z(D 

tit-<^t ±^m\MXh^o MO S i|#tt©«^^tt*3 

XTj-yv ='ymt(DWMmmff^nmxh^:Lt. 
i z^mmtm^- h mmtiUM^f^Mi y >- 

[0 0 8 2] ioTTiStxfclgBj^^, 



[0 0 8 3] 

mmtomm ^mi^ti^'x?m^ti^mm<Dohim 
m£h(r)\zi:-:>xnhn^<iii^immmm-rnit.. r 
B<oti3'oxhZo 

[0 0 8 4] if^mi^Xixit. t^*j£<fflv^fcti-C§fc 

Kigali v^y bm«©^,s-^-fe5P^eif©-^w^ 

[0 0 8 5] Sfc. ^M^'fbM^'Wg^l-iS^^-M: 

#©f*?t#tt. MO s#ffi#t4©g^ft:l-S()*^~^fe?>o 
[0 0 8 6] sfc, ^^MSfttKiii^faas- J; 19 b« 

^~hmMl-i'^MXhZfcify~yV-f4V 

m©Mfci«it©^" MUS J; 19 < X% 5 fc*. r. ® 
[HffiroW'^^mPJ!] 

[mi] *|S0j3©mff^lil-efc5MOSFET^:t-r 

5 i¥^m{mw:(omisfiWrmmx h 5 „ 
mmxh^o 

[Ha] tfffBitiiif*:Stt©»3t*"&&fiB;i-t-Sfcfe©»f 

mmxhZo 

[0 5] HfifB¥^f*:Sm©S3g;f785^fiIM-t-5fcfc©»f 

mmx&z. 

me] mmw^m*'&n<Dmmifmi:m.m-r?>±ib(Dm 
mmxh?)o 

[117] mm^m^mw.cowmifW:^m.m-rzfc^(Dm 
m@xhZo 

[0 8] *?SBj3©^JSff?||2-C-fc5:f#l§ttlElt*^?r 

[0 9] mmi¥^mimw.<r>9S:mjfm^mm-r^fc^<Dm 
mmxh^o 

[010] tfIfB¥*f*:Se»»3t;'7'SJ^fiBI!1-2>fc&© 
Sffffi0-efc5„ 

[011] luta^Jif*:^®©^*-?*^:^^^^-^^*© 
Iffffi0-X:'fc5o 



[012] mJtE#^f*^«»«^t*5£&tftW-r5fc&« 

[013] mm^mi^mm(ommi:f'mmm-r^tcfy<D 
[014] mm'=^mimm(om^i3m^mmi-^ti^o 



-f-. 7-nm^m'^w:mmm. s-Mimm. lo- 
m?Mmmm. iia, nB-mm^L i2-%m. i 

3..v^5/v--<— >-Ii, 1 5-l/i>:^ 2 
l-t?jS</-bSfe 2 1 A, 2 3A-^>'^'';^X>'a 

ftii. 2 2--mrmim. 2 3-mw-hmm.. 2 4 

f-, 2 5A-@l{b3iMI. 2 6-n®?Flt!^teK«o 

Q-MosFET. Qe-r-mmtmtm'f. 





[014] 




